development. The population of China has increased 2.5 times in the past 50 years 61 (Zhang et al. 2000) , and also the population of the Tibet Autonomous Region has 62 grown from 1.2 million to 2.2 million since 1960 (Cui & Graf 2009 ). Livestock and 63 meat production on the Tibetan Plateau has increased by up to three times since 1978 64 (Du et al. 2004 ) and the demand in timber has resulted in extensive forest clearances 65 since the 1950s (Zhang et al. 2000) , particularly at the steep forested slopes of the 66 southeastern Tibetan Plateau (Studley 1999) . Overgrazing, grassland degradation and 67 desertification (Cui & Graf 2009 ), decline in natural woodlands, fragmentation of 68 natural habitats and an alarming loss in plant and wildlife species are problems in 69 wide parts of the Plateau (Studley 1999; Zhang et al. 2000) . In summary, the 70 pressures on the Tibetan Plateau are manifold and whether these are caused by 71 climate change or human activity, they result in significant land cover changes with 72 partly severe and irreversible consequences for ecosystems and mankind. 73
At the same time, the Tibetan Plateau is known for its heterogeneous mountain 74 landscape and therefore highly complex temperature and moisture patterns (An et al. Here we present the results of fossil pollen and diatom records from two 97 montane-boreal lakes (LC6 Lake and Wuxu Lake) on the southeastern Tibetan 98
Plateau. Our aim is to evaluate the comparability of aquatic and terrestrial proxy 99 responses in respect to climate variability and human activity, using rigorous 100 statistical methods. We focus on the following questions: (a) Do pollen and diatom 101 
Material and methods 157
Field sampling and dating of lake sediment cores 158 LC6 Lake and Wuxu Lake were sampled in summer 2005 and winter 2007, 159 respectively. A 45-cm sediment core was taken at the deepest part (23 m) of LC6 160 Lake; at Wuxu Lake a 40-cm sediment core was taken at 30 m water depth. Both 161 cores were taken using a UWITEC gravity corer and were sectioned at site in 0. Pb depth/age curve using a best estimate of the 171 sedimentation rate for this part of the core. For Wuxu Lake, two additional 172 radiocarbon dates from bulk sediments were obtained by the AMS (accelerated mass 173 spectrometry) method at the Leibnitz-Laboratory for Radiocarbon Dating and Isotope 174
Research, Kiel to support the extrapolated age. 175
Pollen Analysis 176
Sediments for pollen analyses for both lakes were treated using standard laboratory 177 methods (Faegri & Iversen 1989) , including treatment with HCl (10%), KOH (10%), 178
and HF (50%, 2 h boiling), followed by acetolysis, sieving (7 µm) in an ultrasound 179 bath, and mounting in glycerine. Two tablets of Lycopodium spores (10 979 180
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Diatom Analysis 189
Diatom analysis followed standard procedures using the water bath technique 190 (Renberg 1990 ; Battarbee et al. 2001 ). Slides were mounted using Naphrax®. Diatom 191 concentration was estimated using divinylbenzene microspheres (Battarbee & Kneen 192 1982) . At LC6 Lake 400 to 500 valves were counted for 45 horizons (2 to 11-year 193 intervals). At Wuxu Lake 630 to 1200 valves were counted for 27 horizons (7 to 20-194 year intervals), using phase contrast at x1000 magnification. Taxonomic 195 identifications primarily followed Krammer & Lange-Bertalot (1986 -1991 , Bertalot & Metzeltin (1996), Zhu & Chen (2000) and Camburn & Charles (2002) . 197
Diatom taxa with percentages of >1% in at least one sample were used for the 198 illustrations and all statistical analyses. 199
Data treatment and statistical analyses 200
The significance of pollen-and diatom-based biostratigraphic zones was calculated by 201 cluster analysis using constrained incremental sum of squares (CONISS) (Grimm 202 1991) The ordination technique non-metric multidimensional scaling (nMDS) was 205 used to explore patterns of variation in the pollen and diatom data sets (Minchin 206 1987) . The dissimilarity matrix, needed for nMDS, was calculated using the Bray-207
Curtis coefficient (Faith et al. 1987) . NMDS was run on a two-dimensional model, 208
being the most parsimonious model compared to higher dimensional models, which 209 did not produce significantly lower stress values (a measure of the variation 210 explained). 211
Detrended canonical correspondence analysis (DCCA) was applied to estimate 212 the overall compositional species turnover measured in standard deviation (SD) units 213 (as beta diversity), which provides an estimate of compositional change along an 214 environmental or temporal gradient (ter Braak & Verdonschot 1995). To estimate the 215 amount of compositional change of the LC6 Lake and Wuxu Lake records over the 216 last ~200 years, 210 Pb derived sample ages were used as the only constraining variable 217 in DCCA. In DCCA, species data were square-root transformed, no rare species 218 down-weighting was applied, and non-linear rescaling and detrending by segments 219 was used. To place the degree of compositional species turnover into relation, SD 220 units were compared to studies from Smol et al. (2005) , Birks (2007) and Hobbs et al. 221 (2010) that used DCCA as a tool to estimate compositional species turnover and 222 established that changes greater than 1 SD units were deemed ecologically substantial. 223
To assess whether the corresponding pollen and diatom data sets of the LC6 224 Lake and Wuxu Lake show significant similarities and synchronicity in their 225 variability over time, Procrustes rotation and the associated PROTEST permutation 226 test were implemented (Gower 1971 Pb activity and supporting 226 Ra 264 Cs age (WX 23) from the non-calibrated 268 radiocarbon age of the same horizon (see Table 2 ). After reservoir-effect correction 269 (1337±30 years) and age calibration using Calib Rev. Table 2 . 276
Pollen Analysis 277
The results of the pollen analysis for LC6 Lake are summarised in Figure 4 . The 278 cluster analysis CONISS calculated a total sum of squares of 1.3. Therefore, no 279 distinct first-order pollen biostratigraphic zones were established. The pollen 280 spectrum is dominated by arboreal and shrub taxa, amongst which Pinus (~ 19%), 281
Quercus (~ 19 %), Betula (~ 11%), Picea (~ 4%), and Rhododendron (~ 3%) are the 282 most abundant pollen taxa. Herbaceous taxa contribute with mainly Artemisia (~ 283 12%), Cyperaceae (~ 7%) and Polygonum (~ 4%) to the spectra in moderate amounts. 284
In general, arboreal taxa show a slight increase since the late 1890s, mostly linked to 285 the increase of Pinus, Betula, Abies and Salix, whereas herbaceous taxa decline on the 286 expense of Polygonum, Artemisia, Poaceae and Gentiana. Grazing-taxa (i.e., 287
Apiaceae, Liliaceae) show slight increases in the 1870s to 1940s and taxa most likely 288 introduced through human cultivation (i.e., Humulus, Fabaceae) increased in the 289 (Table 3) . 291 Figure 5 summarises the results from the Wuxu Lake pollen record. Similar to 292 the LC6 Lake, no distinct first-order biostratigraphic zone were calculated by the 293 cluster analysis CONISS (total sum of squares of 1.3). The pollen spectra are 294 dominated by arboreal taxa, such as sclerophyllous Quercus (~ 37%), Pinus (~ 23%), 295
Betula (~ 6%) and Abies (~ 5%). Herbaceous taxa, mainly comprised of Artemisia, 296
Cyperaceae and Poaceae contribute with abundances between 2-4%. As at LC6 Lake, 297 herbaceous taxa decrease since the 1870s in favour for arboreal taxa (mainly Pinus. 298
and Quercus). Cultivated plants contribute with insignificant amounts to the pollen 299 spectra and do not show distinct appearances, however, grazing-indicating-taxa (e.g., 300
Rumex, Sanguisorba) are present throughout the core with abundances of ~ 1-2%. The 301 DCCA yielded a low and non-significant compositional species turnover of 0.36 SD 302 (p=0.09) over the last 200 years (Table 3) . 303
Diatom Analysis 304
The diatom stratigraphies of LC6 Lake and Wuxu Lake are illustrated in 305
Figures 6 and 7, respectively. The common feature of both diatom data sets is the 306 small degree of compositional species turnover throughout both cores. In both cases 307 CONISS revealed a low total sum of square (1.0 at Wuxu Lake, 1.7 at LC6 Lake), 308 indicating the absence of first-order biostratigraphic zones. The DCCA yielded a beta-309 diversity of 0.55 SD (p= 0.03) for Wuxu Lake and 0.94 SD (p= 0.59) for LC6 Lake 310 over the last 200 years (Table 3 ). The diatom taxa of LC6 Lake and Wuxu Lake are 311 plankton-dominated taxa and common in slightly acidic to circumneutral habitats. 312
Many are cosmopolitan species that are commonly found in freshwaters of high-313 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The LC6 Lake diatom record revealed 158 species from 39 genera, dominated 316 by monoraphid taxa (Achnanthidium sp., Achnanthes sp. and Psammothidium sp.), 317
Cyclotella sp. and fragilarioid taxa, which contribute with up to 40%, 35% and 20% 318 relative abundance. The most common species is the planktonic diatom Cyclotella 319 ocellata (up to 35%). A subtle but consistent decline of Cyclotella ocellata is apparent 320 throughout the core, accompanied with small increases of Achnanthidium 321 minutissimum, tychoplanktonic Aulacoseira lirata var. lirata and benthic Fragilaria 322 capucina and Cymbella species (Fig. 6) . 323
At Wuxu Lake, 120 taxa from 38 genera were identified. The species 324 assemblage was dominated by the planktonic taxa Cyclotella cyclopunctata (~ 63%) 325
and Aulacoseira distans (~ 15%). Achnanthidium minutissimum and varieties (~ 5%) 326
and fragilarioid taxa such as Fragilaria construens f. venter (~ 3%) and Staurosirella 327 pinnata (2%) contribute with small percentage abundances to the benthic component 328 of the diatom assemblage. However, no significant species shifts were detected 329 throughout the record, only subtle changes appear from the 1840s onwards, linked to 330 the appearance of some fragilarioid taxa (Fig. 7) . 331
Procrustes Rotation and PROTEST 332
All four nMDS produced stress values between 17% and 20% (Table 4) Procrustes rotation and the associated PROTEST function were performed on 336 (a) both pollen data sets, (b) both diatom data sets, (c) pollen and diatom data sets of 337 the LC6 Lake, and (d) on the pollen and diatom data sets of Wuxu Lake. Table 5  338   Page 17 of 49  Global Change Biology   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 good agreement between data sets, high residuals indicate a weak agreement. The best 342 fit was produced for the within-lake comparison at LC6 Lake (Fig. 8c) . The pollen 343
and diatom record produced a significant and well-correlated fit (p=0.02, r=0.70). A 344 good fit was also produced between the corresponding pollen records from LC6 Lake 345 and Wuxu Lake (p=0.02, r=0.53) (Fig. 8a) . However, several time slices display a 346 lower degree of similarity as indicated by higher residuals. The poorest fit was 347 produced between the corresponding diatom records from both lakes, as suggested by 348 a relatively high p value and low PROTEST score (p= 0.13, r=0.43) (Fig. 8b) . 349 27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Comparing the diatom records of both lakes with each other, the picture is 371 different. The Procrustean rotation produced an insignificant and poorly correlated fit 372 (Fig. 8b) , indicating that the timing, duration or magnitude of change of the diatom 373 (Battarbee 2000) . Procrustean residuals (Fig. 8b) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Causes of terrestrial and aquatic ecosystem change 437
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North America than to the treeless alpine and arctic lake systems as they are free from 510 ice cover for most of the year and surrounded by dense forests. At temperate 511 montane-boreal lakes with a longer open water season, thresholds for diatom 512 taxonomic shifts are more gradually met (Hobbs et al. 2010 ). According to recorded 513 mean monthly temperatures and monthly satellite imagines from the Landsat archive 514 (USGS earth explorer 2010), LC6 Lake and Wuxu Lake are currently eight to ten 515 months of the year ice-free, suggesting that much higher magnitudes of temperature 516 change would be necessary to significantly shorten/lengthen the growing season or 517 alter the mixing regime to effect the diatom composition. Additionally, temperate 518 lakes are potentially not so sensitive to small changes in climate or nutrient input 519 (Rühland et al. 2008 ), in part due to the edaphic stability of their catchments 520
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Global Change Biology   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Despite instrumental and palaeo-climatological evidence of recent climate warming 532 on the southeastern Tibetan Plateau, diatom and pollen records from two montane-533 boreal lakes show only very subtle species compositional changes over the past two to 534 four centuries. The subtle species changes observed, are similar and synchronous in 535 both pollen records, but less similar in the corresponding diatom records, suggesting 536 that the terrestrial records summarise primarily regional environmental changes, 537 whereas the aquatic records possibly capture rather local environmental changes. The 538 combination of aquatic and terrestrial proxies is therefore valuable, to move from a 539 local to a regional scale, but also to understand the many facets of the 540 microenvironments in that complex mountain landscape of the Tibetan Plateau. 541
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Figure 1
Location of LC6 Lake 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
